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ABSTRACT

For years, multiple indicators have been used by transit operators and their funding agencies
to assess transit performance. Ranking transit operators with a single composite index
provides another way to compare transit performance that has gained recent attention. This
method is similar to other single composite rankings (e.g., "most liveable cities") and has a
certain appeal for the public.
This paper examines six approaches to ranking transit operators with a single
composite index and analyzes the sensitivity of rankings to how the approaches are applied.
These approaches differ in: 1) whether they rank operators by how well operators rank on
their achievements for each of their objectives or by some form of their average
achievements for all objectives; 2) whether they account for differences in objectives that
operators pursue; and 3) whether they account for differences in operators' priorities among

a set of objectives or in operators' top objectives.

An application using 18 Florida operators

in 1994 shows that for a given sample of operators, rankings can be sensitive to what
objectives are included, how objective achievements are measured, and what approach is
chosen. Testing six approaches, four of them show similar rankings for the 18 Florida
operators, while the other two approaches show no similarity between themselves and any
other approaches. (213 words)

Key Words: transit performance, composite index, performance ranking

INTRODUCTION

From 1984 to 1994, local and state operating assistance to public transit in the U.S.
increased in constant dollars, while transit ridership declined ( 1-2). With this decline in
productivity the public has shown an increasing interest in monitoring how their tax money is
being used. The purpose of this paper is to examine alternative techniques for ranking
transit operators in a simple way. By using a single composite index of multiple dimensions
of performance, these approaches provide to_ols for comparative transit performance analysis
that respond to the public's interest in simple comparisons.
To place the contribution of this report in perspective, we begin with a brief review of
the use of performance analysis in public transit. Transit performance analysis has been
helped by the establishment of the National Transit Database (formally Section 15 data).
Section 15 of the Urban Mass Transportation Act of 1964, as amended, provides for the
collection of a unique set of comparable transit statistics. All applicants for federal operating
assistance are required to report uniform information about their system. Results are
reported on a fiscal year basis and are available, on diskette and in hard copy, dating from
1979, and recently on the Internet, dating from 1991. Data are normally released within two
years of the end of the fiscal year. Information is published for individual transit agencies on
revenues, expenses, accidents, vehicles used in maximum service, employee counts, service
supplied, and service consumed (3-5). Variables are appropriately defined and validated
before publication.
Another development that has helped transit performance analysis is research on
appropriate definitions for performance criteria that represent different dimensions of
performance. Hatry argued that in public agencies, efficiency should be considered
separately from effectiveness (6). Efficiency is the relationship between inputs and outputs
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and is what is called technical efficiency in economics literature. Effectiveness refers to the
relationship between outputs and service consumption. Some, however, have argued that
efficiency and effectiveness should be combined into a single measure of cost effectiveness
(7). Cost effectiveness refers to the relationship between inputs and service consumption.
Still others argue that transit operators should be evaluated with respect to social
effectiveness, which refers to market penetration, for example. These concepts and their
relationship were summarized by Fielding ( 8).
Using multiple indicators is most commonly practiced for transit performance analysis.
Transit operators use them to monitor their own achievements. The primary purpose of
performance evaluation from the transit operator's perspective is to diagnose and correct
problems that limit performance. The multiple measures of this approach serve this purpose
well.
Funding agencies also use the approach of multiple indicators to monitor transit
performance. They may use performance measures to determine whether public assistance
is improving transit performance (9), to compare performance across operators ( 10), or 'to
help allocate operating assistance ( 11-13). The approach of multiple indicators, however, is
cumbersome for funding agencies to use. Their objective is to certify that public funds are
used appropriately rather than to diagnose how performance can be improved by making
specific operating changes. Chu et al. have argued that funding agencies require a simple
way for tracking the relative performance of a group of transit operators: a single measure
for each dimension of performance, rather than the multiple indicators preferred by operators
(14). They used Data Envelopment Analysis (DEA) to develop a single measure for the
efficiency and a single measure for the effectiveness of a transit operator relative to other
operators within a given group. Their DEA results show that an operator can in fact be
relatively efficient but ineffective and vice versa.
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While these techniques may be useful for the transit industry and its funding agencies,
they can be confusing for the public. Ranking transit operators with a single composite index
provides another way to compare transit performance. This method provides ranking but
does not show the magnitudes of performance differences. However, it has a certain appeal
to the public because it is similar to other single composite rankings (e.g., "most liveable
cities") that are familiar to the public.
The idea of using a single index to measure transit performance has recently been
used to measure customers' satisfaction. The Transportation Research Board's Transit IDEA
Program sponsored a pilot project to develop a customer satisfaction index based on
consumer attitudes toward many service attributes obtained from telephone surveys of
customers ( 15).
The idea of a single composite index has been applied to ranking transit operators by
Hartgen et al. (16). Their application has been controversial (17-18). Many issues are
involved: What performance dimensions should be included? How should a given
performance dimension be measured? How should differences in goals and objectives be
accounted for? Many of these issues are common to all approaches to comparative
performance analysis. What is unique to the idea of a composite index for transit
performance is a methodological issue: How should the multiple dimensions be combined
into the single index?
The purpose of this paper is twofold. It first examines six approaches to generating a
single composite index from multiple dimensions of transit performance for ranking transit
operators. Included are the approach taken by Hartgen et al. (16) and five alternatives,
which have not appeared in the literature. These approaches are compared using 1994 data
for Florida operators. The sensitivity of results are then analyzed for the approach taken by
Hartgen et al.
3

ALTERNATIVE APPROACHES

This section examines six approaches to generating a single composite index for
ranking transit operators: Average Performance, Best Performance, Worst Performance,
Stated Objective, Stated Priority, and Total Performance. They are discussed in detail in the
following subsections. Brief definitions are as follows:

•

The Average Performance approach ranks transit operators based on their average
performance across a set of performance. dimensions.

•

The Best Performance approach ranks operators by what they do best. The approach
of Worst Performance ranks operators by what they do worst.

•

The Stated Objective approach ranks operators by their priority objective, with the
priority objective obtained from an operator survey.

•

The Stated Priority approach ranks operators by a weighted average of their
performance acres$ a set of performance dimensions, with the weights derived from
an operator survey.

•

The Total Performance approach ranks operators based on how they rank on
individual dimensions of performance.

Applying these approaches involves three common steps:

1.

The first step determines a sample of transit operators for performance analysis.

2.

The second step determines a set of objectives to be considered.

3.

The third step determines a set of indicators that measure achievements for the set of
selected objectives in step two.
4

They decide: 1) whose performance is to be compared; 2) what objectives are to be
considered; and 3) how achievements are to be measured. They will not be repeated later.

Average Performance

Average Performance consists of four steps, in addition to the three steps common to
all approaches:

4.

The fourth step computes the mean value for each indicator.

5.

The fifth step computes the ratios of individual indicators to their means.

6.

The sixth step averages these ratios for each operator. The indicators are computed
so that the lower their value, the better the performance.

7.

The last step ranks the operators by their average performance from step six.

Hartgen et al. applied this approach to 108 of the largest U.S. bus transit operators for
the years 1988-1993 ( 16). Six Florida operators were selecte~. including Metro-Dade Transit
Agency, Broward County Mass Transit Division, Jacksonville Transportation Authority,
Hillsborough Area Regional Transit, Lynx Transit, and Palm Beach County Transportation
Authority. Their application uses 12 indicators:

1. Total revenue per service area population (system-wide)
2. Ave.rage fare per unlinked passenger trip (system-wide)
3. Non-fare revenue as a percentage of total revenue (system-wide)
4. Service area population per peak vehicle (system-wide)
5. Service area square miles per peak vehicle (system-wide)
5

6. Operating expense per vehicle revenue hour (bus only)
7. Operating expense per vehicle revenue mile (bus only)
8. Operating expense per unlinked passenger trip (bus only)
9. Operating expense per passenger mile (bus only)
10. Vehicle revenue miles per unlinked passenger trip (system-wide)
11. Vehicle revenue hours per unlinked passenger trip (system-wide)
12. Service area population per unlinked passenger trip (system-wide)

The .authors call the first five '-'resources" variables and the last seven "results"
variables. Among the "results" variables, operating expense per vehicle revenue hour and
operating expense per vehicle revenue mile measure service efficiency. Operating expense
per unlinked passenger trip and operating expense per passenger mile measure cost
effectiveness. Vehicle ~evenue miles per unlinked passenger trip and vehicle revenue hours
per unlinked passenger trip measure service effectiveness.
Data for these 12 indicators were taken directly from, or derived from, FTA's Transit

Profiles (3-4). The application was intended to measure bus transit performance. However,
only four of the 12 indicators were specific for buses (indicators 6-9); the other eight were
measured for all modes when an operator is multi-modal.
Their results of the 1993 rankings of the six Florida operators are shown in Table 1.
Also shown in the table are their results of the 1994 rankings for two of the six operators,
which were released to the media and were reported by Liewer ( 19) and Nitkin (20). 1994
rankings for the other four operators were not reported. The ranking for a given operator can
swing significantly between years. In particular, the ranking of operator six changed from 47
in 1992 to 102 in 1993, and the ranking of operator two changed from 91 in 1993 to 23 in
1994. No reasons were provided for such dramatic changes in ranking.
6

. Extreme Performance

Accounting for differences in the objectives that operators pursue is important for
comparative performance analysis. Operators can differ in what objectives they pursue and
in their priorities among a given set of objectives. Average Performance does not account for
any of these differences.
Best Performance accounts for differences in priority objectives. It ranks operators by
the objective for which they achieve the most. It assumes that the objective for which an
operator achieves the most is its priority objective. This assumption is reasonable because
an operator is likely to devote most of its efforts toward its priority objective.
Best Performance consists of four steps, in addition to the three steps common to all
approaches:

4.

The fourth step computes the mean value for each indicator.

5.

The fifth step computes the ratios of individual indicators to their means.

6.

The sixth step selects the minimum value among these ratios for each operator. The
indicators should be computed so that the lower the value of an indicator, the better
the performance.

7.

The last step ranks the operators according to their best performance.

The opposite of Best Performance is Worst Performance, which ranks operators with
respect to the objective for which they achieve the least. This would be the appropriate
approach if one believes that what counts is what operators do worst. The Environmental
Protection Agency uses the same idea in generating a single composite index for air quality
in U.S. metropolitan areas (21).
7

Stated Objective

Best Performance assumes that an operator's priority objective is the one for which it
achieves the most. This is a reasonable assumption. However, an operator may not always
be able to do so because of external constraints. An alternative is to decide what an
operator's priority objective is by a direct survey. The approach of Stated Objective does just
that. It consists of five steps, in addition to the three steps common to all approaches:

4.

The fourth step conducts a survey of the given sample of operators about what their
priority objective is.

5.

The fifth step computes the mean value for each indicator.

6.

The sixth step computes the ratios of individual indicators to their mean values.

7.

The seventh step selects the ratio for each operator that. represents its priority
objective stated _in the survey. This step would calculate the average of these ratios if
the operator does not have any priority for any particular objective in the survey.

8.

The last step ranks the operators based on the values from the seven step.

One potential disadvantage of Stated Objective is that operators may have an
incentive to report the objective for which it achieves the most as its priority objective. It
would lead to the same results as Best Performance if every operator in the sample does
this.
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Stated Priority

The approaches discussed, so far, measure an operator's performance either by
equally treating all objectives or by focusing on the priority objective. A more reasonable
approach would combine these extremes. One way to accomplish this is to measure an
operator's composite performance by a weighted average of its achievements for the set of
objectives considered. The weights would reflect an operator's priorities over the set of
objectives. These weights would be obtained through a survey of operators.
Stated Priority consists of five steps, in addition to the three steps common to all
approaches:

4.

The fourth step surveys the given sample of operators on what their priorities are
between the selected objectives and determines the corresponding weights.

5.

The fifth step computes the mean value for each indicator.

6.

The sixth step computes the ratios of individual indicators to their mean values.

7.

The seven step calculates the weighted average of performance across individual
indicators, with the weights obtained from the survey.

8.

The last step ranks the operators according to the weighted average values obtained
from the seven step.

The other approaches discussed so far are just special cases of this approach: the
weights are equal in Average Performance; the weight is one for the priority objective, and
zero for the other ones in Best Performance and Stated Objective; and the weight is one for
the objective for which an operator achieves the least, and zero for the other objectives under
Worst Performance.
9

Total Performance

One potential problem with the above approaches is that their results can be
dominated by those performance dimensions that show wide variation across operators. This
could happen because these approaches rank operators based on some form of a weighted
average of their performance across various dimensions of performance. Individual
performance dimensions follow different distributions. One difference in these distributions is
the range of variation. When this range changes across performance dimensions, the
average of an operator's performance across these dimensions can be dominated by those
with wide ranges.
An alternative to all these approaches is Total Performance, which ranks operators by
how they rank on individual dimensions of performance. This approach of generating a
single composite in.dex from multiple performance dimensions is widely used among
consumer magazines to rank consumer products. It consists of the following steps, in
addition to the three steps common to all approaches:

4.

The fourth step computes the mean value for each indicator.

5.

The fifth step computes the ratios of individual indicators to their mean values.

6.

The six step ranks the sample of operators with respect to each ratio from the fifth
. step.

7.

The seven step sums up the ranking of each operator across all indicators.

8.

The last step ranks the operators according to their total performance as represented
by the total ranking score from the seventh step.
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Comparison

The six approaches described above are compared here. They are applied to 18
Florida operators who provided fixed-route bus services in 1994. Data for 17 of these
operators are from FTA's Transit Profiles (3-4). CUTR provided data for the other operator,
who did not report to FTA (22).
Because this comparison is illustrative, the 12 performance indicators and
measurements by Hartgen et al. (16) are used, which are described earlier. Using these
indicators and measurements does not necessarily mean that they are appropriate. The next
section will address the sensitivity of rankings using Average Performance to changes in
these 12 indicators and their measurements. Also, no surveys were conducted to obtain
operators' priorities among the 12 objectives as represented by the 12 indicators. Instead,
the priority objectives for Stated Objective and the priority weights for Stated Priority were
generated statistically. For Stated Objective, each operator was assigned one of the 12
objectives as its priority objective. For Stated Priority, each operator was given 12 weights
(that sum to one) that are assumed to reflect its priorities among the 12 objectives. Results
for Stated Objective and Stated Priority should be interpreted accordingly.
Results are shown in Table 2. The rankings of some operators swing dramatically
between two approaches. For example, some do better under Worst Performance than
under Best Performance, including operator four (13 versus 5), operator five (17 versus 8),
and operator 12 (16 versus 6). Some do better under Best Performance, including operator
one (two versus 17) and operator 16 (one versus 15). However, many operators show
similar rankings between different approaches. For example, operator two shows ra·nkings
ranging from two to three under four of the approaches, while operator 15 show rankings
ranging from 16 to 18 under five the six approaches.
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The similarity of rankings between two approaches is better compared with the
Spearman coefficient of rank correlation (23). This coefficient measures through one figure
the similarity or dissimilarity between two sets of rankings of the same set of operators. It
gets a value of one when two sets of rankings are identical; it gets a value of minus one
when two sets of rankings are completely dissimilar (e.g., 1, 2, 3, 4, and 5 versus 5, 4, 3, 2,
and 1); and it gets a value of zero when two sets of rankings are unrelated.
Table 3 shows the Spearman coefficients of rank correlation between each pair of
rankings in Table 2. These coefficients show several interesting results. First, Best
Performance shows no similarity with any other approaches. Neither does Stated Objective.
Second, Best Performance and Stated Objective show some degree of dissimilarity (-0.41).
Third. Average Performance shows strong similarity with Worst Performance and Stated
Priority and weaker similarity with Total Performance. The strong similarity between Average
Performance and Stated Priority is expected because the statistically generated weights do
not dramatically differ among the objectives. The strong similarity between Average
Performance and Worst Performance is also expected. This is because an average of the 12
performance indicators is likely to be dominated by those with large values, which show poor
performance. The weaker similarity between Average Performance and Total Performance is
reasonable because Total Performance is not based on any form of average performance.

SENSITIVITY ANALYSIS

. This section analyzes the sensitivity of rankings under Average Performance. It first
identifies changes to the application by Hartgen et al. ( 16). It then applies Average
Performance to Florida operators to show the sensitivity of rankings. These changes and
their effects on performance rankings can also serve as guidelines in applying the other approaches.
12

Modifications

Seven modifications to the application of Average Performance by Hartgen et al. ( 16)
are discussed. The first change is to drop indicators that are based on service area or
population served. Service area, or population served, is used in four of the 12 indicators: 1,
4-5, and 12. Data on service area and population served, however, are problematic for two
reasons. One reason is that service area and population served are not well defined. For
guidance on how to report service area and population served for an operator, FTA's
Reporting Manual (24) says: "Use the Americans with Disabilities Act (ADA) definitions and

requirements to decide service area boundaries and population. For modes not covered by
ADA, including ferryboat and vanpool, determine service area and population using your
locally defined criteria." These procedures fail under many circumstances (18). For an
operator who does not serve a definable region, the notion of service area and population
served falls apart. Some operators, particularly those offering longer haul commuter routes,
draw on an area much larger than their apparent service area, as customers drive distances
to park-and-ride facilities. Also, many large metropolitan areas are served by multiple
operators. These procedures do not account for overlapping services to apportion service
area or population served between two or more operators. Another reason is that transit
operators may not be able to estimate service area and population served well, especially for
non-census years. As a result, reported service area or population served can be arbitrary.
For example, Hillsborough Area Regional Transit in Florida reported a service area of 1,058
square miles, which is larger than the area of Hillsborough County (25). On the other hand,
Pinellas Suncoast Transit Authority in Florida reported a service area of 143 square miles,
which is only 51 percent of the County's area. However, transit services are more widely
available geographically in Pinellas County than in Hillsborough County.
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The second change is to replace unlinked passenger trips by passenger miles as a
measure of service consumption. This change would affect indicators 2, 8, and 10-12.
Choosing between passenger miles and unlinked passenger trips involves tradeoffs, however.
On one hand, average trip lengths differ greatly among operators. Also, unlinked passenger
trips include all legs in a complete trip. When this measure is used, operators providing a
grid network of routes with timed transfers would appear to have more services consumed
than similar operators providing radial networks. On the other hand, data on passenger miles
are considered less reliable than data on unlinked passenger trips. Also, passenger miles
may be an unfair measure because the number ?f passenger miles is significantly affected by
extending services into areas of low demand, which operators often do for political reasons.
The number of passenger miles, however, is a better measure for service consumption when
services from different modes need to be combined to measure system performance.
The third change is to drop indicators that are based on revenues. It can be unfair to
measure an· operator's performance with respect to its average fare or cost-recovery ratio
(fare revenues as a percentage of operating expenses). For many operators these two
variables are determined, largely, by local fare and subsidy policies. For example, the City of
Commerce, California, charges no fare, and Seattle offers free central city trips. City
governments cover the costs in both cases, but the funds are not counted as fare revenue
but as local assistance in the National Transit Database.
The fourth change is to include only one indicator for each dimension of transit
performance. Hartgen et al. included two indicators for service efficiency, two indicators for
service effectiveness, and two indicators for cost effectiveness (16). Whether to use one or
another is debatable and involves tradeoffs, however. The tradeoffs involved in choosing
between passenger miles and unlinked passenger trips as a measure of service consumption
were discussed earlier.
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The fifth change is to compute all indicators either for a single mode or for the entire
system. As mentioned earlier, Hartgen et al. applied the approach to measure bus transit
performance ( 16). However, only four of the 12 indicators were specific for buses (indicators
6-9); the other eight indicators were measured for all modes when an operator is multi-modal.
Including both bus and system indicators in generating a single composite index of bus
performance is misleading.
The sixth change is to add customer satisfaction as an additional performance
dimension (18). Individual operators would use a survey standardized for the industry to
measure customer satisfaction for its services. The surveys conducted for five transit
operators under the IDEA program of the Transportation Research Board would be examples
of such a survey. Such surveys, however, can be costly.
Finally, nominal operating expenses reported in the National Transit Database may be
adjusted for differences in regional costs of providing transit services (18). This change
would affect indicators 6-9. One major problem with this change is that data for cost indices
are not readily available. ·
Differences in the costs of service inputs for providing transit services are just part of
differences in the operating environment. Other attributes of the operating environment
include the extent of demand peaking, the level of surface congestion, and socioeconomic
characteristics of urbanized areas that operators serve. The literature has long recognized
the importance of incorporating the operating environment into comparative performance
analysis (e.g., 26). Some may argue, however, that operators should not be compensated
for poor performance just because they face an unfavorable operating environment. They
argue that these operators should have adjusted their operations accordingly. Such an
argument, however, confuses what public operators can do with what private businesses ca.n
do. These operators cannot move out of an unfavorable operating environment as private
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businesses frequently do. These operators are often told to provide services to areas of low
demand to achieve political goals and objectives (27).
One of two approaches is often used to account for differences in the operating .
environment. One approach is to define peer groups with criteria that characterize the
operating environment (28-30). A variety of criteria have been proposed for forming peer
groups. These include the number of vehicles operated in maximum service, the number of
modes, the ratio of numbers of vehicles operated in maximum service and minimum service,
and socio-demographic variables such as the size of population for the urbanized area an
operator serves. Only operators in the same peer group are compared for their perf9rmance.
Another approach is to account for differences in the operating environment by directly
incorporating its attributes into performance analysis without using peer groups ( 14, 18, 31).

Illustration

The sensitivity of rankings to the first five modifications described above is illustrated
by applying Average Performance to the same 18 Florida operators used in comparing the
alternative approaches. The other two modifications are not illustrated because data are not
readily available. The first five modifications are summarized below for easy reference later:

M1.

Indicators based on service area or population served are excluded.

M2.

The number of unlinked passenger trips is replaced by the number of
_passenger miles.

M3.

Indicators based on revenues are excluded.

M4.

Only three indicators are included: bus expense per revenue bus hour,
revenue bus hours per passenger mile, and bus expense per passenger mile.

16

These measure service efficiency, service effectiveness, and cost effectiveness
for bus transit, respectively.
M5.

All indicators measure system performance.

The calculation of rankings under each of these modifications follows the steps for the
approach of Average Performance. Table 4 shows the results under the original set of
variables used by Hartgen et al. (16) (Original) and each of the modified sets of variables
(M 1 through M5). The differences in ranking across the columns reflect the effect of
individual modifications, rather than the cumulative effects.
The sensitivity of rankings may be described by comparing rankings for individual
operators between the original set of variables and each of the modified set. Some operators
are sensitive to modifications. For example, excluding indicators based on service area or
population served (M1) greatly increases the rankings of operators nine and 10. Replacing
unlinked passenger trips with passenger miles dramatically increases the ranking of operator
16 (M2 and M4 ). Exclusion of indicators based on revenues increases the ranking of
operator eight (M3), while the use of just bus service efficiency, bus service effectiveness,
and bus cost effectiveness decreases the ranking of operator eight (M4). However, many
operators get consistent rankings. Operators 2, 3, 12, and 14 get consistently high rankings,
while operators 7, 15, 17, and 18 get consistently low rankings.
The sensitivity of rankings can also be described by the Spearman coefficient of rank
correlation between any pair of rankings. As mentioned earlier, the closer the coefficient is to
one, the similar the corresponding sets of rankings are. The last row of Table 4 shows the
coefficients between the original set of variables and each of the modified sets. These
coefficients show four results. First, changes from measuring bus performance to system
performance do not seem to change the rankings much (MS with a coefficient of 0.99).
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Second, the rankings change most dramatically when only three indicators for bus
performance are included: service efficiency, service effectiveness, and cost effectiveness
(M4 with a coefficient of 0.35). Third, replacing unlinked passenger trips with passenger
miles dramatically changes the rankings (M2 with a coefficient of 0.56). Fourth, excluding
indicators based on service area/population served or revenues can significantly affect the
rankings (M1 with a coefficient of 0.70 and M3 with a coefficient of 0.83).

CONCLUSION

Ranking transit operators can be controversial. This paper has examined six
approaches to ranking transit operators on their achievements for their objectives and
analyzed the sensitivity of rankings to how these approaches are applied. Choosing
analytically among these approaches involves tradeoffs. Empirically, however, four of the
approaches show similar rankings when they are applied to 18 Florida operators for 1994,
while the rankings of the other two approaches show no relationship between themselves or
with those of the other approaches. The rankings of a given sample of transit operators can
be sensitive to: 1) what objectives are considered; 2) how achievements are measured; and
3) what approach is chosen. Without a consensus on these issues, ranking transit operators
will remain controversial.
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TABLE 1
Rankings of Selected Florida Transit Operators

Rankings by Year
Operator3

1988b

1989b

1990b

1991b

1992b

1993b

1994c

1

60

50

42

44

46

58

NAd

2

89

87

84

91

99

91

23

3

68

88

80

70

36

41

NAd

4

93

82

92

98

97

81

NAd

6

73

44

59

37

47

102

NAd

7

104

104

102

103

104

106

120

8

The operator numbers correspond to those in Tables 2 and 4.
bBased on Hartgen et al. ( 16). Results are based on 108 operators.
cBased on Liewer (19) and Nitkin (20). Hartgen released his 1994 rankings to the media.
Results are based on 120 transit operators.
dNot available. Liewer and Nitkin reported the 1994 results for operators 2 and 6, but not
those for the other four operators.
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TABLE 2
Comparison of Alternative Approaches

Average
Perform.

Best
Perform.

Worst
Perform.

Stated
Objective

Stated
Priority

Total
Perform.

14

2

17

12

14

6

2

2

3

8

16

2

3

3

3

5

2

15

5

4

4

6

13

5

4

7

12

5

10

4

4

10

10

16

6

9

17

7

9

9

9

7

15

15

12

3

15

18

8

4

7

11

2

3

5

9

13

10

14

7

12

7

10

11

14

13

14

4

2

11

7

6

3

6

11

11

12

5

16

6

5

6

8

13

8

8

10

11

8

10

14

1

9

1

13

1

1

15

16

12

16

18

16

17

16

17

1

15

17

17

14

17

12

18

9

8

13

13

18

18

11

18

1

18

15

Operator
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TABLE 3
Spearman Coefficients of Rank Correlation between Alternative Approachesa

Average
Perform.

Best
Perform.

Worst
Perform.

Stated
Objective

Stated
Priority

Total
Perform.

Average
Perform.

1.00

0.10

0.81

-0.04

0.92

0.68

Best
Perform.

0.10

1.00

-0.02

-0.41

0.03

0.19

Worst
Perform.

0.81

-0.02

1.00

0.01

0.64

0.29

Stated
Objective

-0.04

-0.41

0.01

1.00

-0.11

-0.25

Stated
Priority

0.92

0.03

0.64

-0.11

1.00

0.80

Total
Perform.

0.68

0.19

0.29

-0.25

0.80

1.00

aThe Spearman coefficient gets a value of one when two sets of rankings are identical; it gets
a value of minus one when two sets of rankings are completely dissimilar (e.g., 1, 2, 3, 4,.
and 5 versus 5, 4, 3, 2, and 1); and it gets a value of zero when two sets of rankings are
unrelated.
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TABLE 4
Sensitivity of Rankings Using Average Performance
· Modifications
Operator

Original

M1

M2

M3

M4

M5

1

14

8

5

6

9

14

2

2

5

3

4

5

2

3

3

6

2

3

6

3

4

6

11

8

10

11

4

5

10

14

9

9

12

10

6

9

10

11

11

4

9

7

15

16

16

16

14

15

8

4

7

7

2

13

5

9

13

4

17

14

8

13

10

11

2

13

15

7

11

11

7

9

10

8

10

7

12

5

3

6

7

2

6

13

8

12

12

5

18

8

14

1

1

4

1

3

1

15

16

15

18

18

16

16

16

17

17

1

17

1

17

17

12

13

14

13

17

12

18

18

18

15

12

15

18

Spearman
Coefficienta

1.00

0.70

0.56

0.83

0.35

0.99

n

aThese are coefficients between the original set of indicators and each of the modified set of
indicators. The Spearman coefficient gets a value of one when two sets of rankings are
identical; it gets a value of minus one when two sets of rankings are completely dissimilar
(e.g., 1, 2, 3, 4, and 5 versus 5, 4, 3, 2, and 1); and it gets a value of zero when two sets of
rankings are unrelated.
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